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Ultrasounda b s t r a c t
Background: There is increasing awareness that diaphragm weakness is common in patients undergoing
MV and is likely a contributing cause of weaning failure. Recent studies have suggested that the ventilator
is a likely cause of the decreased diaphragm force generating capacity (dFGC) seen in mechanically ven-
tilated patients; a condition referred to as ventilator-induced diaphragmatic dysfunction (VIDD). The
study was focused on using diaphragm thickness and excursion measured by ultrasound as a predictor
of weaning outcome and to assess the clinical evolution and risk factors for VIDD in an adult intensive
care unit (ICU) and evaluating the possible protective indices against VIDD.
Patients and methods: This study included 60 invasively mechanically ventilated patients matched with
twenty healthy non-mechanically ventilated individuals as a control group. Diaphragm thickness and
excursion measured daily for 14 days or until extubation or death.
Results: Here was a significant decrease in the MDT, DTF and mean diaphragmatic excursion with
increased length and duration of mechanical ventilation. the maximum diaphragmatic changes occurred
early in the first 3 days after MV. Cutoff values for diaphragmatic ultrasound predicting successful wean-
ing were MDT >2 mm, DTF >30% and DE >1.5 cm. Early switch from controlled MV to assist ventilation
(addition of PS and or PEEP) was associated with reversal of VIDD.
Conclusion: Ultrasound is a sensitive accurate method for predicting weaning outcome. Maintaining
mechanically ventilated at a controlled mild to moderate hypercapnia, early switch from controlled
MV to PS and or addition of PEEP improve weaning outcome.
 2016 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Introduction
While mechanical ventilation (MV) is life-saving in patients
with acute respiratory failure, prolonged mechanical ventilation
is associated with numerous potential complications. Complica-
tions such as ventilator associated pneumonia (VAP), cardiovascu-lar compromise, barotrauma and ventilator-induced lung injury
(VILI) have been recognized for decades as issues to which
mechanically ventilated patients in intensive care units (ICU) are
susceptible [1]. There is increasing awareness that diaphragm
weakness is common in patients undergoing MV and is likely a
contributing cause of weaning failure. Recent studies have sug-
gested that the ventilator is a likely cause of the decreased dia-
phragm force generating capacity (dFGC) seen in mechanically
ventilated patients; a condition referred to as ventilator-induced
diaphragmatic dysfunction (VIDD). Diaphragmatic dysfunction
refers to altered force and structure. The complex disease process
of VIDD represents more than atrophy alone. The dysfunction itself
originates at the level of the muscle cell membrane and/or the con-
tractile apparatus, rather than that of the axonal phrenic nerve orsis and
Tuberc.
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essential part of VIDD [2]. Further, mode of ventilation has been
identified as a key factor influencing VIDD. There is an increasing
awareness that diaphragm weakness is common in patients under-
going MV and is likely a contributing cause of weaning failure. Dif-
ficulties in weaning fromMV account for a large proportion of total
time spent by ventilated patients in the ICU and prolong length of
stay. It is well-established that prolonged ICU stays and MV predis-
pose patients to a greater risk of nosocomial infections and death
[3]. Due to the economic and medical consequences, developing
new interventions that shorten length of time spent in the ICU
and on MV is of paramount importance. In addition to well-
understood factors that contribute to respiratory failure on MV,
such as ventilator-induced lung Injury (VILI), barotrauma, atelecta-
sis and biotrauma, an emerging literature suggests that VIDD also
plays a major role in determining length of ICU stay and weaning
outcome Muscle weakness and dysfunction are common problems
in patients hospitalized in the intensive care unit (ICU) [4]. This
process affects striated muscles: dysfunction and atrophy are
observed, often simultaneously, in muscles of the limbs and of
the diaphragm [5]. Whereas general limb muscle wasting is a more
gradual and slow process, reaching its peak after the first 2–
3 weeks of ICU stay [6], diaphragmatic dysfunction appears to
occur much more rapidly [7]. Modes of ventilator support can be
classified to volume-targeted modes in which a fixed tidal volume
is delivered with each breath and pressure-targeted modes in
which the patient triggers the ventilator as in pressure support
ventilation or the ventilator controls the patient’s breathing as in
pressure control mode [8]. Controlled mechanical ventilation
(CMV) reduced the pressure-generating capacity of the diaphragm
by 42%, compared with control that breathed spontaneously. In
contrast, assist modes of ventilation (AMV), which provides sup-
port to patients who are able to make spontaneous respiratory
efforts (support may be modified based on the patients strength
and clinical parameters), may prevent or reduce the deleterious
effects seen as a result of CMV. However, in assist modes of venti-
lation such as pressure support mode, high pressure levels may
provide almost total ventilator support and may have the same
effects on the diaphragm as seen in control modes [9]. It is there-
fore important to fully understand the parameters of each ventila-
tor mode as this knowledge will be a key factor in choosing the
most appropriate mode to meet the patient’s needs. CMV largely
replaces spontaneous diaphragmatic activity, resulting in disuse
atrophy suggesting that reduction in dFGC secondary to CMV is
strongly correlated with atrophy resulting from diaphragm inactiv-
ity [10]. Modalities that could be used to diagnose diaphragmatic
dysfunction are chest X-ray, Fluoroscopy and Sniff Test, Computed
Tomography, MRI and ultrasonography [11]. The use of ultrasonog-
raphy has become increasingly popular in the everyday manage-
ment of critically ill patients. It has been demonstrated to be a
safe and handy bedside tool that allows rapid hemodynamic
assessment and visualization of the thoracic, abdominal and major
vessels structures [12]. More recently, mode ultrasonography has
been used in the assessment of diaphragm kinetics. Ultrasounds
provide a simple, non-invasive method of quantifying diaphrag-
matic movement in a variety of normal and pathological conditions
[13]. Ultrasonography can assess the characteristics of diaphrag-
matic movement such as amplitude, force and velocity of con-
traction, special patterns of motion and changes in diaphragmatic
thickness during inspiration [14]. Weaning procedures are usually
started only after the underlying disease process that necessitated
mechanical ventilation has significantly improved or resolved. The
patient should also have an adequate gas exchange, appropriate
neurological and muscular status, and hemodynamic stability.
Weaning indices are objective criteria that are used to predict
the readiness of patients to maintain spontaneous ventilation. Pre-Please cite this article in press as: E.R. Ali, A.M. Mohamad, Diaphragm ultrasoun
discontinuation frommechanical ventilation in critically ill patients and evaluat
(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006dictive indices of weaning from mechanical ventilation are often
inaccurate. Despite of the existence of many weaning protocols,
often making a correct decision is difficult because the diaphrag-
matic function is not included in any of the weaning criteria [15].
Diaphragm thickening, defined as recording the difference
between inspiration and expiration in B- or M-mode, could serve
as a novel parameter to predict t weaning and extubation success
[16]. Since diaphragmatic motion plays a prominent role in spon-
taneous respiration, observation of the diaphragm kinetics seems
essential. This study was conducted using B-mode ultrasound to
evaluate end-expiratory diaphragm thickness (the extent and the
time-course of diaphragmatic atrophy) in critically ill ICU patients
on MV in the ICU. It would be interesting to know the exact rela-
tionship between the evolution of diaphragmatic thickness and
the duration of weaning or weaning effort. The study was focused
on using the evolution of diaphragm thickness and kinetic mea-
surement (as determined by ultrasound) over time during mechan-
ical ventilation as a new predictor of weaning failure (patient’s
ability to generate spontaneous breaths) for up to 14 days from
time of enrolment or until extubation, which ever happened first.
We aimed to study patients who required MV for at least 72 h
and its changes over time as a function of mode of mechanical ven-
tilation, its impact on diaphragm function, and the influence of
inspiratory effort on this phenomenon, potentially identifying
patients at risk, clinical evolution and risk factors for VIDD in an
adult intensive care unit (ICU), evaluating the predictive value of
diaphragmatic thickness for successful liberation from mechanical
ventilation, predicting its possible value to develop interventions
that may effectively decrease the risk of poor weaning outcomes
for mechanically ventilated critically ill patients. The role and effi-
cacy of M-mode ultrasonography as a non invasive bed side avail-
able tool was assessed to determine the prevalence of
diaphragmatic dysfunction diagnosed by and its influence on
weaning outcome in mechanically ventilated patients.Patients and methods
Patients selection
This study included 60 patients who were invasively mechani-
cally ventilated and were admitted to the intensive care unit (ICU)
in Ain Shams University Hospitals and Misr University for Science
and Technology (MUST) during the period between June 2013 and
June 2015. Twenty healthy non-mechanically ventilated individu-
als with matched age and body mass index were also included as
a control group. Baseline diaphragmatic thickness was measured
on ICU admission for all patients before mechanical ventilation.
The first ultrasonographic measurement was performed within
24 h after the start of MV for the selected included patients, and
the subsequent recordings were acquired daily within a 24 ± 4 h
time frame. The same investigator performed all the recordings.
Diaphragm thickness and excursion (via B-mode ultrasonography)
measured daily at functional residual capacity (FRC) for 14 days or
until extubation or death. Ventilator settings were not standard-
ized as both the type and magnitude of ventilatory support were
among the variables we studied as possible predictors of diaphrag-
matic function. All patients followed our standard clinical proto-
cols for nutrition, sedation, and weaning from mechanical
ventilation.Inclusion criteria
Selection of patients was based on the likelihood of prolonged
(>72 h) MV. The study was performed for each subject for up tod as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
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happened first.
All the following data were collected for each patient
 Complete history taking including medical and surgical history.
 Complete physical examination (General and Chest
examination).
 Laboratory evaluation:
Arterial blood gases (on admission, before Spontaneous Breath-
ing Trial (SBT)).
Routine investigation: (complete blood count (CBC), sodium
(Na), potassium (K), urea, creatinine, liver enzymes, coagulation
profile).
 Radiologically: X-ray chest done on admission and before wean-





 FiO2 average, median, max and min per day
 Associated organ failure
 Average, median, max and min PEEP per day
 Modes of MV (Controlled modes, assisted modes and sponta-
neous modes) were determined on a daily basis (expressed as
a percentage), if not on CMV for 14 days
 Weaning trials, duration and type
 Patient on steroids, start date
 Any changes in Mode of ventilation during 1st 14 days
 Any spontaneous breathing trials during 1st 14 days
Exclusion criteria
Patients with age <18 years, history of neuromuscular disease
or known anatomical malformation of the diaphragm, use of any
muscle paralyzing agent, use of aminoglycosides and corticos-
teroids, use of non-invasive ventilation before the start of MV,
hemodynamic instability, the presence of a current tracheostomy,
morbidly obese patients and an admission to an ICU within
12 months prior to this inclusion, pneumothorax or pneumomedi-
astinum, or respiratory rate P30 breaths/min.
Methodology (Ultrasound measurement technique)
Baseline diaphragmatic thickness was measured on ICU admis-
sion for all patients before mechanical ventilation. The first ultra-
sonographic measurement was performed within 24 h after the
start of MV for the selected included patients, and the subsequent
recordings were acquired daily within a 24 ± 4 h time frame. The
same investigator performed all the recordings. Diaphragm thick-
ness was measured once per day starting as soon as possible after
consent was granted and continuing until the 14th day post-
inclusion into the study, extubation, tracheostomy, discharged or
death, whichever came first. No participant was sedated or placed
on mechanical ventilation by our research team for the purposes of
this study. Participants may already have been sedated and
mechanically ventilated (for management of their medical condi-
tion) prior to commencement of our measurement intervention
and/or were awake during their weaning phase. All operators were
blinded from the randomization process. Primary outcome param-
eter was the change in diaphragm thickness from baseline to nadir.
Secondary outcome parameters were patient characteristics asso-
ciated with a decrease in diaphragm thickness: age, sex, SAPS II,
the type of applied ventilation mode was recorded hourly (as this
may have its effect on the evolution of diaphragm thickness, andPlease cite this article in press as: E.R. Ali, A.M. Mohamad, Diaphragm ultrasoun
discontinuation frommechanical ventilation in critically ill patients and evaluat
(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006included the amount of time in controlled ventilation modes as a
possible predictor for diaphragm atrophy),duration of MV, percent-
age of time in controlled MV modes, use of corticosteroids during
ICU stay, sepsis, continued use of neuromuscular blocking agents
and aminoglycosides antibiotic use as possible associated risk fac-
tors, as they are known risk factors for ICU-acquired weakness.
Daily ultrasonographic images of the diaphragm by placing
probe over one of the lower intercostal spaces in the right anterior
axillary line for the right diaphragm with the probe fixed on the
chest wall during respiration; the ultrasound beam was directed
to the hemi-diaphragmatic domes at an angle of not <70.
Diaphragmatic thickness was measured once per day as soon as
possible after consent granted and continued until weaning trial
whatever it resulted in successful or failed weaning, tracheostomy,
discharge or death, whichever came first. All measurements were
performed during tidalbreathing at 6–12 mL/kg, excluding smaller
or deeper breaths. The whole ultrasound examination was accom-
plished in 5 min. Ultrasonographic diaphragmatic atrophy was
diagnosed if thickness was <2 mm.
As in the study by Tobin et al. [17], it proved difficult to consis-
tently visualize the left hemi-diaphragm, so measurements of left
hemidiaphragm thickness were not performed in this study. So,
only the right hemidiaphragm was studied, as the limited acoustic
window offered by the spleen does not always allow obtaining
clear images on the left; intestinal or gastric gas may also interfere
with imaging of the left diaphragmatic dome.
Real-time thickness of the diaphragm was recorded by B-mode
ultrasonography using an Echo Blaster 128 Kit with a 10 MHz lin-
ear transducer.
Subjects were in the supine position. Precautions were taken to
ensure that the patient was lying flat on their back. The head of the
bed was lowered to 0 of incline. In cases where the head of the bed
could not be laid completely flat due to patient condition, the
degree of incline (usually between 10 and 20) during baseline
reading was noted and the same degree of incline was set for all
subsequent readings. The probe was oriented with the screen
image by applying pressure to one end and noting the position of
the image on screen. The probe was placed in the 8th or 9th right
intercostal space in the midaxillary or anterior axillary line. The
ultrasound beam was directed perpendicular to the diaphragm.
The probe position was adjusted until the diaphragm could be
clearly visualized. Once a clear image of the diaphragm was
obtained, an indelible ink marker was used to mark the skin at
the caudal end of the transducer. The diaphragm was identified
as the last set of parallel lines on the image, corresponding to the
pleural and peritoneal membranes overlying the less echogenic
muscle.
Once identified, real-time movement of the diaphragm was
recorded on B-mode (two dimensional) ultrasonography. If the
patient was triggering the ventilator (as was usually the case in
assist modes of ventilation) and there were visible diaphragmatic
contractions, at least six consecutive respiratory cycles were
recorded. End expiratory diaphragm thickness was measured in
three consecutive respiratory cycles during the end expiratory
pause. The diaphragm thickens as it contracts, hence, great efforts
were made to ensure that all thickness measurements were per-
formed during the end expiratory pause (when the diaphragm is
relaxed) [18]. Thickness of the pleural and peritoneal membranes
are exaggerated by ultrasound. Hence, to obtain the most accurate
measurement of diaphragm thickness, measurements were made
from the middle of the pleural line to the middle of the peritoneal
line. Measurements were averaged and the means reported to the
nearest 0.1 mm.
Thickness alone might miss-diagnose a low weight individual
with a normal functioning diaphragm. Thickness increase during
inspiration has also been used as a measurement of muscle con-d as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
Table 1
Demographic data and baseline characteristics among the studied 60 patients.
Variables Results: Mean ± SD/N (%)




SAPS 48 ± 23.8
Diagnosis (N (%))
Chronic obstructive pulmonary disease 30/60 (60%)
Pneumonia 15/60 (25%)
Post cardiac arrest 10/60 (16.7%)
Post traumatic 9 /60 (15%)
Post operative 8/60 (13.3%)
Severe sepsis/septic shock 6/60 (10%)
Hemorrhagic shock 4 /60 (6.7%)
Acute respiratory distress syndrome 4/60 (6.7%)
Toxic-metabolic coma 32/60 (3.3%)




Ischemic heart disease 5/60 (8.3%)
Cancer 3/60 (5%)
Vital signs
Temperature (C) 37.63 ± 1.27
HR (bpm) 95.43 ± 19.34
RR (breath/min) 31.23 ± 17.23
MABP (mmHg) 92.50 ± 28.43
ABGs (Arterial Blood Gases)
pH 7.28 ± 0.17
PaCO2 (mmHg) 71.01 ± 11.32
PO2 (mmHg) 82.13 ± 22.15
HCO3 (mEq/l) 29.29 ± 2.49
SaO2 (%) 87.9 ± 1.34
Laboratory investigations
Hb(g/dl) 13.03 ± 4.21
WBC 13.27 ± 22.54
Platelets 249.35 ± 71.42
Creatinine 1.31 ± 1.63
Urea 64.15 ± 42.12
Na (mEq/L) 138.80 ± 1.21
K (mEq/L) 4.15 ± 4.48
SGOT 39.32 ± 19.23
SGPT 43.45 ± 21.33
Mean diaphragmatic thickness (MDT) 2.31 ± 13.45
Mean time of mechanical ventilation (days) 8 ± 13.22 (range 4–15)
SD; standard deviation, N; number, SAPS; Simplified Acute Physiology Score, ABGs;
Arterial Blood Gases, MDT; Mean diaphragmatic thickness, HR; heart rate, MABP;
mean arterial blood pressure; RR; respiratory rate, SaO2; arterial oxygen saturation,
PaCO2; partial pressure of carbon dioxide, pH: bicarbonate levels, PaO2, partial
pressure of oxygen, HCO3; bicarbonate, Na; sodium, K; potassium, mEq/l; milli-
equivalent per liter, Hb; hemoglobin, mmHg: millimeter mercury, g/dl; gram per
deciliter. Bpm; beat per minute.
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ing. The most used value is the diaphragm thickness fraction (DTF),
calculated as percentage from the formula: (thickness at end-
inspiration – Thickness at end-expiration)/Thickness at end expira-
tion  100. A DTF inferior to 20% is consistent with DD. Normal
diaphragm thickness (2.6 mm) measured at the end-expiration
on the zone of apposition.
The amplitude of excursion was measured on the vertical axis of
the tracing from the baseline to the point of maximum height of
inspiration on the graph. Six measurements were recorded and
averaged for each side. All measurements were performed during
tidal breathing at 6–12 mL/kg, excluding smaller or deeper breaths.
The whole US examination was accomplished in 5 min. Ultrasono-
graphic DD was diagnosed if an excursion was <10 mm.
Diaphragmatic excursion should be measured with a lower fre-
quency curvilinear probe (we used a 4 MHz probe) in anterior sub-
costal view. The transducer should be placed between the mid-
clavicular and anterior axillary lines, directed medially, cranially
and dorsally to visualize the posterior third of the right diaphragm,
approximately 5 cm lateral to the inferior vena cava foramen. Mea-
surement should be made in the M-mode, from the point of max-
imal excursion to the baseline, in normal breathing and sniffing.
With deep breathing, measurement should be made from the max-
imal to the lowest point of excursion. Normal values with each
maneuver are 2.5–4 and 6–7 cm during quiet and deep breathing
respectively (there is a mean increase of diaphragmatic excursion
by 54% (range 42–78%)).
Outcome parameters included
1. Successful weaning: defined as a state in which a patient was
able to maintain his or her own breathing for 48 h without
any level of ventilator support.
2. Primary weaning failure: defined as requirement for mechan-
ical ventilation within 48 h of self-breathing.
3. Secondary weaning failure: defined as requirement for
mechanical ventilation after a successful weaning, i.e., respira-
tory failure occurring past the 48 h of self-breathing.
4. Total ventilation time: defined as the period between the start
and end of mechanical ventilation.
5. Weaning time
 The time spent in partial support mode such as pressure
support or continuous positive airway pressure.
 = total ventilation time – the full support period (the time
spent in either volume-controlled or pressure-controlled
mode).
(VIDD is diagnosed by exclusion of other causes of weaning fail-
ure (e.g. decompensated congestive heart failure) and other speci-
fic causes of diaphragmatic weakness such as electrolyte
disturbances, malnutrition, drugs, central nervous system disor-
ders, and distinct neuromuscular disorders).
Diaphragmatic dysfunction (DD) was diagnosed when Thick-
ness <0.2 cm (2 mm), measured at the end of expiration, has been
proposed as the cutoff to define diaphragm atrophy, a DTF inferior
to 20% and or excursion was <15 mm (<1.5 cm).
Statistical analysis
Demographic characteristics were summarized at baseline
using descriptive statistics including means (±SD) and median for
continuous variables and counts and frequencies for categorical
variables. All statistical analysis was performed using SPSS v19.0
for Windows. Descriptive statistics was used to describe trends
within groups. Results were reported as means and standard devi-
ations. The statistical significance of P value was set at 0.05.Please cite this article in press as: E.R. Ali, A.M. Mohamad, Diaphragm ultrasoun
discontinuation frommechanical ventilation in critically ill patients and evaluat
(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006Results
This study included 60 patients who were invasively mechani-
cally ventilated; 45/60 (75%) were males and the remaining 15/60
(25%) were females with a mean age (±SD) was 54 ± 11.23. The
commonest diagnosis among the studied patients was chronic
obstructive pulmonary disease in 30/60 (60%), pneumonia in
15/60 (25%) followed by post cardiac arrest in 10/60 (16.7%), post
operative in 8/60 (13.3%), severe sepsis/septic shock in 6/60
(10%), hemorrhagic shock and acute respiratory distress syndrome
in 4/60 (6.7%) for each, toxic-metabolic coma and others (stroke,
organ failure) in the remaining 2/60 (3.3%) for each as well. Among
the studied patients; 15/60 (25%) were hypertensive, 8/60 (13.3%)
were diabetic, ischemic heart disease was present in 5/60 (8.3%),
and cancer in 3/60 (5%). Baseline mean diaphragmatic thickness
(MDT) among the included patients before mechanical ventilationd as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
Table 3
Comparison between the studied 60 patients (before mechanical ventilation) and 20












2 ± 15.83 2.4 ± 11.12 0.453
N; number, SD; standard deviation, cm; centimeter.
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8 ± 13.22, ranging between 4 and 15 days (Table 1).
There was no significant statistical correlation between the
studied 60 patients (before mechanical ventilation) and 20 healthy
control volunteers as regards baseline mean diaphragmatic thick-
ness (MDT)(P value 0.342) or DTF (diaphragmatic thickness frac-
tion) (P value 0.534) (Table 2).
There was no significant statistical correlation between the
studied 60 patients (before mechanical ventilation) and 20 healthy
control volunteers as regards baseline mean diaphragmatic excur-
sion (P value 0.453) (Table 3).
In the present study; there was a significant statistical decrease
in the MDT (mean diaphragmatic thickness) and DTF (diaphrag-
matic thickness fraction) with increased length and duration of
mechanical ventilation among the studied 60 patients connected
to mechanical ventilator and when compared to healthy control
volunteers as well (P value 0.01 for each) (Table 4).
In the present study; there was a significant statistical decrease
in the mean diaphragmatic excursion with increased length and
duration of mechanical ventilation among the studied 60 patients
connected to mechanical ventilator and when compared to healthy
control volunteers as well (P value 0.01) (Table 5).
In the present study; there was decreased MDT (mean
diaphragmatic thickness) and DTF (diaphragmatic thickness frac-
tion) mean diaphragmatic excursion among the whole included
mechanically ventilated patients whether with short or prolonged
duration of mechanical ventilation, but DD (diaphragmatic dys-
function) diagnosed by DTF inferior to 20% and or excursion was
<10 mm was found among 19/35 (57.14%) of patients with long
duration of MV and in only 8/25 (32%) with long duration of MV.
DD was significantly more frequent in patients with prolonged
MV than those with shorter MV duration (P value < 0.001), repre-
senting 27/60 (45%) of the totally included 60 mechanically venti-
lated patients (Table 6).
In the present study; even in patients without diaphragmatic
dysfunction (DD), the maximum diaphragmatic changes occurred
early but with a lesser degree than those with DD. No changes
were observed among the control group all over the study period.
The maximum rapid rate of DT and DTF as well as DE decrease
were significantly observed among the studied mechanically ven-
tilated patients within the first 3 days of mechanical ventilation
(in a rate 0.23/day (20%), 3.27/day (32.7%) and 0.3/day (30%)
respectively), which became almost stationary (changes did not
correlate with time spent on the ventilator afterwards later in
the first week and began to increase again by a rate of 2.7/day
(27.25%), 0.185/day (18.5%) and 0.25/day (25%) respectively during
the period between day 14 and 10 and remains stationary till after
extubation (Table 7).
As regards weaning outcome among patients with and without
DD in the present study, statistically significant better outcomeTable 2
Comparison between the studied 60 patients (before mechanical ventilation) and 20
healthy control volunteers as regards baseline mean diaphragmatic thickness and
















45 ± 22.65 50 ± 29.35 0.534
N; number, SD; standard deviation, MDT; mean diaphragmatic thickness, mm;
millimeter, DTF; diaphragmatic thickness fraction, %; percentage.
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(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006was found among non-DD group than DD group, when successful
weaning was found in 26/33 (78.8%) versus only 2/27 (7.4%)
respectively, while primary and secondary weaning failure were
found in only 3/33 (9%) and 2/33 (6.1%) versus 15/27 (55.5%) and
6/27 (22.2%) among non-DD and DD groups respectively. DD group
showed significantly more prolonged weaning and total ventila-
tion time times than those without DD (4/27 (14.8%) and 623
(342–895) versus 123 (80–325) and 347 (217–587)) respectively.
Death was non-significantly more frequent in patients with DD
(4/27 (14.8%)) than those without DD (2/33 (6.1%)) (Table 8).
In the present study; successful weaning was found among
28/60 of the included mechanically ventilated patients (2 with
DD and 26 without DD), the total number of patients with weaning
failure (primary and secondary) with and without DD were 26/60
(21 with DD and 5 without DD). Death was found in 6 patients
(4 of them had DD and the remaining 2 had no DD) as shown in
Table 8. There was statistical significant decrease in the MDT
(mean diaphragmatic thickness) among patients with failed wean-
ing (1.4 (ranging from 1.1 to 1.7)) than those with successful wean-
ing (2.4 (2 to 2.7)) (P value 0.01). Highly significant statistical
decrease was also found in patients with failed weaning than suc-
cessfully weaned group as regards both DTF (diaphragmatic thick-
ness fraction) and DE (Mean diaphragmatic excursion) [26% (22–
33%) versus 56% (35–63%) and 1.2 (0.9–1.4) versus 2.3 (1.9–2.8)
respectively with p value < 0.0001 for each. Although lesser
diaphragmatic parameters were found in dead patients than in
patients with failed weaning, but it was non significant (Table 9).
In the present study; cutoff value for MDT (mean diaphragmatic
thickness) was >2 mm in predicting successful weaning with a sen-
sitivity (79.3%), specificity (77.7%), PPV (89%), NPV (69.9%) and
accuracy (85%) among mechanically ventilated patients. Cutoff
value for DTF (diaphragmatic thickness fraction) was >30% with
more sensitivity (97.3%), specificity (85.2%), PPV (94.4%), NPV
(90.6%) and accuracy (91.9%) than recorded by DT. DE (Mean
diaphragmatic excursion) had a cutoff value of >1.5 cm that
showed a sensitivity (88.7%), specificity (84.3%), PPV (92.6%), NPV
(81.3%) and accuracy (87.9%), which were less than DTF but still
higher than DT values (Table 10).
In the present study; there was highly significant statistical
increase in the MDT and DTF and only significant increase in the
mean DE with decreased adjusted TV by mechanical ventilator
among the studied patients (p value <0.001 for each DT and DTF
and 0.01 for DE) (i.e. inverse relation between TV and MDT, DTF
and DE). Adjusted higher RR and addition of PEEP were signifi-
cantly associated with a more diaphragmatic functional and mor-
phological protection regarding increased DT, DTF and DE than
patients with lower RR and those without PEEP (which was highly
significant as regards DT and DTF with p value < 0.001 for each and
significant regarding DE with p value 0.01). Early or rapid switch
from controlled MV to assist ventilation (addition of PS) provided
a highly significant statistical increase and recovery regarding the
MDT and DTF and only significant increase and improvement in
the mean DE. Addition of low PS between 5 and 12 cmH2O
(<12 cmH2) was associated with highly significant recovery ofd as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
Table 4
Correlation between the mean diaphragmatic thickness (MDT) and diaphragmatic thickness fraction (DTF) with the duration of mechanical ventilation.




Short duration of MV (25/60)
(41.7%)




2.1 ± 12.33 1.3 ± 13.54 2.61 ± 17.33 0.01
DTF (diaphragmatic thickness fraction) (%) 45 ± 20.51 37 ± 21.67 50 ± 29.35 0.01
N; number, SD; standard deviation, MDT; mean diaphragmatic thickness, MV; mechanical ventilation, mm; millimeter, DTF; diaphragmatic thickness fraction, %; percentage.
Table 5
Correlation between the mean diaphragmatic excursion and duration of mechanical ventilation.




Short duration of MV (25/60)
(41.7%)




2.0 ± 17.23 1.5 ± 19.33 2.4 ± 11.12 0.01
N; number, SD; standard deviation, MDT; mean diaphragmatic thickness, MV; mechanical ventilation, cm; centimeter.
Table 6
Incidence and frequency of DD (diaphragmatic dysfunction) among the studied mechanically ventilated patients.
Variables Mechanically ventilated patients (N = 60) Total Mechanically ventilated patients
(N = 60)
P value
Short duration of MV (25/60)
(41.7%)




8/25 (32%) 19/35 (57.14%) 27/60 (45%) <0.001
N; number, DD; diaphragmatic dysfunction, MV; mechanical ventilation.
Table 7
Course (time, rate and degree) of diaphragmatic dysfunction during mechanical ventilation among the studied patient.
Variables Values (mean ± SD) over days for all 60 mechanically ventilated patients P value
Day 0 Day 3 Day 7 Day 10 Day14 After extubation
Degree of DD (from the start of MV to the end of the study
MDT (mean diaphragmatic thickness) (mm) 2.51 ± 13.45 1.81 ± 12.34 1.61 ± 11.20 1.63 ± 17.34 2.37 ± 22.21 2.45 ± 24.51 0.01
DTF (diaphragmatic thickness fraction) (%) 45 ± 22.65 35.5 ± 23.13 32.1 ± 19. 43 31.3 ± 25. 33 42.2 ± 33.21 42.7 ± 24.4 0.01
DE (Mean diaphragmatic excursion) (cm) 2 ± 15.83 1.1 ± 1.53 1.0 ± 2.23 0.9 ± 3.27 1.9 ± 4.83 1.9 ± 2.75 0.01
Rate (maximum diaphragmatic changes per time or day of MV) (rate of DD per day) compared to baseline values
MDT (mean diaphragmatic thickness) (mm) Rate of DT decrease is
0.23/day (20%) (maximum
rapid rate of decrease)
Rate of DT decrease is
0.025/day (2.5%) (almost
stationary rate of decrease)
(changes did not correlate
with time spent on the
ventilator afterwards)
DT increased by a rate of 2.7/day
(27.25%) during the period
between day 14 and 10 and
remains stationary till after
extubation
0.01
DTF (diaphragmatic thickness fraction) (%) Rate of DTF decrease is
3.27/day (32.7%) (maximum
rapid rate of decrease)
Rate of DTF decrease is 0.2/day
(20%) (decreased rate of DD
than in the first 3 days of MV)
DT increased by a rate of
0.185/day (18.5%) during the
period between day 14 and 10
and remains stationary till after
extubation
DE (Mean diaphragmatic excursion) (cm) Rate of DE decrease is 0.3/day
(30%) (maximum rapid rate
of decrease)
Rate of DE decrease is
0.025/day (2.5%) (almost
stationary rate of decrease)
(changes did not correlate
with time spent on the
ventilator afterwards)
DT increased by a rate of 0.25/day
(25%) during the period between
day 14 and 10 and remains
stationary till after extubation
0.01
SD; standard deviation, MDT; mean diaphragmatic thickness, MV; mechanical ventilation, mm; millimeter, DTF; diaphragmatic thickness fraction, %; percentage, DE; Mean
diaphragmatic excursion, cm; centimeter, DD; diaphragmatic dysfunction.
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(>12 cmH2O) significantly decreased all morphological and func-
tional diaphragmatic parameters (DT, DTF and DE) (Table 11).
In the present study; there was no statistically significant differ-
ences among DD and non-DD groups as regards age, gender, SAPS,
comorbidities (hypertension, diabetes, ischemic heart disease or
cancer) or laboratory investigations. As regards ABG parameters;Please cite this article in press as: E.R. Ali, A.M. Mohamad, Diaphragm ultrasoun
discontinuation frommechanical ventilation in critically ill patients and evaluat
(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006non- DD group had significantly higher PaCO2, PO2, HCO3 and
SaO2 but non significantly lower PH than patients with diagnosed
DD (p value was 0.001 for each and 0.278 for PH). As regards the
possible role of the different causes that necessitate MV among
the studied 60 patients on the development of DD, it was found
that; post cardiac arrest, post traumatic, hemorrhagic shock, acute
respiratory distress syndrome, toxic-metabolic coma and othersd as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
Table 8
Weaning outcome among patients with and without DD.






Successful weaning 2/27 (7.4%) 26/33 (78.8%) <0.001
Primary weaning
failure
15/27 (55.5%) 3/33 (9%) <0.001
Secondary weaning
failure
6/27 (22.2%) 2/33 (6.1%) <0.001
Death 4/27 (14.8%) 2/33 (6.1%) 0.534
Weaning time (hrs) 510 (241–814) 123 (80–325) <0.001
Total ventilation time
(hrs)
623 (342–895) 347 (217–587) <0.001
DD; diaphragmatic dysfunction, hrs; hours.
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effect on diaphragmatic function parameters. On the other hand;
pneumonia and severe sepsis/septic shock were found to have a
statistically significant worse adverse effect on diaphragmatic
function (they were found more frequently among DD group of
patients with a percentage of 60% and 66.7% respectively, with p
value 0.001 for each). Chronic obstructive pulmonary disease and
post operative MV were found to be protective for the diaphragm
because DD was found only among 33.3% COPD and 25% post-
operative mechanically ventilated patients (with p values 0.001
and <0.001 respectively) (Table 12).
Discussion
Early in acute critical illness, controlled mechanical ventilation
may often be mandatory, but an early switch to an assisted mode
seems clearly desirable. Diaphragmatic inactivity is considered to
initiate VIDD. Interventions like intermittent spontaneous breath-
ing or respiratory muscle training might be of benefit [19].
Ventilator- induced diaphragmatic dysfunction (VIDD) was previ-
ously defined as loss of diaphragmatic force-generating capacity
specifically related to the use of mechanical ventilation [20]. VIDD
may typically be observed after variable periods of controlled
mechanical ventilation (i.e. ventilation without spontaneous
breathing) [21], while assisted ventilation modes (i.e. ventilation
with preserved diaphragmatic contractions) attenuate the detri-
mental effects of controlled mechanical ventilation on the dia-
phragm and seem protective [22] unless high levels of support
are used [23]. Difficulties in discontinuing ventilator support are
encountered in 20–25% of all mechanically ventilated patients
and approximately 40% of total ventilation time spent in weaning
[20]. This study describes the day-by-day evolution of diaphragm
atrophy in VIDD in ICU patients, measured by ultrasonography.
We measured a morphological characteristic, and atrophy is not
necessarily linked with muscle strength. In this study, we only
evaluated thickness and not diaphragm function or strength. How-
ever, data demonstrate the association between atrophy and mus-
cle strength in VIDD [24]. The study was focused on using the
evolution of diaphragm thickness and kinetic measurement (as
determined by ultrasound) over time during mechanical ventila-
tion as a new predictor of weaning failure (patient’s ability to gen-Table 9
Correlation between functional and morphological diaphragmatic changes (DT, DTF, DE) a
Variables Successful weaning (N = 28)
MDT (mean diaphragmatic thickness) (mm) 2.4 (2–2.7)
DTF (diaphragmatic thickness fraction) (%) 56% (35– 63%)
DE (Mean diaphragmatic excursion) (cm) 2.3 (1.9–2.8)
N; number, MDT; mean diaphragmatic thickness, mm; millimeter, DTF; diaphragmatic th
DD; diaphragmatic dysfunction.
Please cite this article in press as: E.R. Ali, A.M. Mohamad, Diaphragm ultrasoun
discontinuation frommechanical ventilation in critically ill patients and evaluat
(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006erate spontaneous breaths) for up to 14 days from time of
enrolment or until extubation, which ever happened first. We
aimed to study patients who required MV for at least 72 h and
its changes over time as a function of mode of mechanical ventila-
tion, its impact on diaphragm function, and the influence of inspi-
ratory effort on this phenomenon, potentially identifying patients
at risk, clinical evolution and risk factors for VIDD in an adult
intensive care unit (ICU), evaluating the predictive value of
diaphragmatic thickness for successful liberation from mechanical
ventilation, predicting its possible value to develop interventions
that may effectively decrease the risk of poor weaning outcomes
for mechanically ventilated critically ill patients. The role and effi-
cacy of M-mode ultrasonography as a non invasive bed side avail-
able tool was assessed to determine the prevalence of
diaphragmatic dysfunction diagnosed by and its influence on
weaning outcome in mechanically ventilated patients. This study
included 60 patients who were invasively mechanically ventilated
and were admitted to the intensive care unit (ICU) in Ain Shams
University Hospitals and Misr University for Science and Technol-
ogy (MUST) during the period between June 2013 and June 2015.
Twenty healthy non-mechanically ventilated individuals with
matched age and body mass index were also included as a control
group. Baseline diaphragmatic thickness was measured on ICU
admission for all patients before mechanical ventilation. The first
ultrasonographic measurement was performed within 24 h after
the start of MV for the selected included patients, and the subse-
quent recordings were acquired daily within a 24 ± 4 h time frame.
The amplitude of excursion was measured on the vertical axis of
the tracing from the baseline to the point of maximum height of
inspiration on the graph. The same investigator performed all the
recordings. Diaphragm thickness (via B-mode ultrasonography)
measured daily at functional residual capacity (FRC) for 14 days
or until death, discharge extubation whichever came first. Among
the included patients; 45/60 (75%) were males and the remaining
15/60 (25%) were females with a mean age (±SD) was 54 ± 11.23.
The commonest diagnosis among the studied patients was chronic
obstructive pulmonary disease in 30/60 (60%), pneumonia in 15/60
(25%) followed by post cardiac arrest in 10/60 (16.7%), post opera-
tive in 8/60 (13.3%), severe sepsis/septic shock in 6/60 (10%), hem-
orrhagic shock and acute respiratory distress syndrome in 4/60
(6.7%) for each, toxic-metabolic coma and others (stroke, organ
failure) in the remaining 2/60 (3.3%) for each as well. Among the
studied patients; 15/60 (25%) were hypertensive, 8/60 (13.3%)
were diabetic, ischemic heart disease was present in 5/60 (8.3%),
and cancer in 3/60 (5%). Baseline mean diaphragmatic thickness
(MDT) among the included patients before mechanical ventilation
was 2.31 ± 13.45 (mm) which showed non significant statistical
correlation when compared to the healthy control group. There
was no significant statistical correlation between the studied 60
patients (before mechanical ventilation) and 20 healthy control
volunteers as regards baseline mean diaphragmatic excursion (P
value 0.453). In the present study; the mean time of mechanical
ventilation was 8 ± 13.22, ranging between 4 and 15 days. In the
present study; there was a significant statistical decrease in the
MDT (mean diaphragmatic thickness), DTF (diaphragmatic thick-
ness fraction) and DE (diaphragmatic excursion) with increasednd weaning outcome.
Failed weaning (N = 26) Death (N = 6) P value
1.4 (1.1–1.7) 1.3 (0.9–1.5) 0.01
26% (22–33%) 24% (20–31%) <0.0001
1.2 (0.9–1.4) 1.1 (0.7–1.2) <0.0001
ickness fraction, %; percentage, DE; Mean diaphragmatic excursion, cm; centimeter,
d as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
Table 10
Sensitivity, specificity, PPV, NPV and accuracy of diaphragmatic functional and morphological parameters (DT, DTF and DE) as indices of weaning outcome.
Variables Cutoff value Sensitivity Specificity PPV NPV Accuracy P value
MDT (mean diaphragmatic thickness) (mm) >2 mm 79.3% 77.7% 89% 69.9% 85% 0.01
DTF (diaphragmatic thickness fraction) (%) > 30% 97.3% 85.2% 94.4% 90.6% 91.9% <0.001
DE (Mean diaphragmatic excursion) (cm) >1.5 cm 88.7% 84.3% 92.6% 81.3% 87.9% <0.001
MDT; mean diaphragmatic thickness, mm; millimeter, DTF; diaphragmatic thickness fraction, %; percentage, DE; Mean diaphragmatic excursion, cm; centimeter, DD;
diaphragmatic dysfunction, PPV; positive predictive value, NPV; negative predictive value.
Table 11
Correlation between diaphragmatic functional and morphological parameters (DT, DTF and DE) and mechanical ventilator parameters.
Ventilator parameters MDT (mm) (Mean ± SD) P value DTF (%) (Mean ± SD) P value DE (cm) (Mean ± SD) P value
TV (tidal volume)
Low TV 2.2 ± 1.4 <0.001 52.6 ± 13.2 <0.001 1.93 ± 1.10 0.01
High TV 1.4 ± 2.2 26.2 ± 11.4 1.14 ± 1.13
RR (respiratory rate)
Low RR 1.1 ± 5.2 <0.001 29.2 ± 1.23 <0.001 1.22 ± 1.68 0.01
High RR 2.1 ± 3.4 50.7 ± 1.27 1.89 ± 1.75
PEEP (positive end expiratory pressure)
With PEEP 2.1 ± 5.2 <0.001 52.7 ± 15.9 <0.001 1.99 ± 1.70 0.01
Without PEEP 1.1 ± 3.6 28.2 ± 9.9 1.12 ± 1.98
PS (pressure support) Time for switch from CV (controlled ventilation) to AV (assist ventilation)
Early (Rapid) switch 2.4 ± 1.21 <0.001 51.9 ± 15.1 <0.001 1.44 ± 1.30 0.01
Late switch 1.1 ± 5.28 31.2 ± 14.3 1.10 ± 1.24
Value of PS
No PS (PS 0) 1.1 ± 5.8 19.0 ± 13.2 1.24 ± 1.98
Low PS <12 (5–12) 2.4 ± 9.7 <0.001 54.7 ± 15.2 <0.001 1.92 ± 1.70 0.01
High PS >12 1.3 ± 4.4 26.4 ± 12.4 1.35 ± 1.73
SD; standard deviation, MDT; mean diaphragmatic thickness, DTF; diaphragmatic thickness fraction, DE; Mean diaphragmatic excursion, TV; tidal volume, RR; respiratory
rate, PEEP; positive end expiratory pressure, PS; pressure support, CV; controlled ventilation, AV; assist ventilation, cm; centimeter, mm; millimeter, %; percentage.
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60 patients connected to mechanical ventilator and when com-
pared to healthy control volunteers as well (P value was 0.01 for
each). These results were in accordance with Horiana et al. [24]
whose study revealed that the duration of MV significantly pre-
dicted decreases in diaphragmatic thickness and strength as well,
thus In addition, a significant interaction effect between the days
after onset of ventilation was found with the DT (P, 0.001). Jaber
et al. [4] also confirmed the present study results and concluded
that; the period of controlled mechanical ventilation should be
kept short. In the present study; even in patients without
diaphragmatic dysfunction (DD), the maximum diaphragmatic
changes occurred early but with a lesser degree than those with
DD. No changes were observed among the control group all over
the study period. The maximum rapid rate of DT and DTF as well
as DE decrease were significantly observed among the studied
mechanically ventilated patients within the first 3 days of mechan-
ical ventilation (in a rate 0.23/day (20%), 3.27/day (32.7%) and
0.3/day (30%) respectively), which became almost stationary
(changes did not correlate with time spent on the ventilator after-
wards later in the first week and began to increase again by a rate
of 2.7/day (27.25%), 0.185/day (18.5%) and 0.25/day (25%) respec-
tively during the period between day 14 and 10 and remains sta-
tionary till after extubation. Such stationary and or increases in
diaphragmatic function parameters may be explained by the fact
that; ventilator switch from controlled to assist ventilation during
weaning trials increase diaphragmatic activity with subsequent
cessation of atrophy and commencement of recovery which is thus
presented as increased DT, DTF and DE. So early assist or weaning
trials may attenuate and reverse diaphragmatic atrophy in patients
previously ventilated by controlled mandatory MV modes. It was
also observed that; recovery requires more time than was neces-
sary for atrophy to occur. These results were in agreement of the
study performed by Horiana et al. [24] who reported a longitudinalPlease cite this article in press as: E.R. Ali, A.M. Mohamad, Diaphragm ultrasoun
discontinuation frommechanical ventilation in critically ill patients and evaluat
(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006follow-up of diaphragm thickness in a number of mechanically
ventilated patients in the ICU and demonstrated a rapid progres-
sion of diaphragm atrophy, with already a significant decrease in
thickness after just 1 day of MV, and the largest decrease in dia-
phragm thickness occurring during the first 72 h of MV and
occurred linearly over the subsequent time period. Overall, the
average diaphragm thickness in this group decreased significantly
over time at a rate of 26% per day on MV and agreed also with data
from animal studies by Sassoon et al. [25], in which diaphragm
inactivity with controlled MV has been shown to produce myofibril
damage that contributes to the reduction in diaphragmatic force
over time. In these studies, the force reduction was measured
and calculated using trans-diaphragmatic pressure generation dur-
ing phrenic nerve stimulation. Schepens et al. [26] also confirmed
the present study as they found a comparable result, with a
decrease of 9% after one day of MV, and a total decrease of 21%
and 26% after 2 or 3 days of MV respectively. These findings illus-
trate that diaphragm atrophy is a rapidly evolving process, with an
exponential decline in thickness, thus confirming the evidence of
sustained loss of diaphragmatic thickness was reported for
patients undergoing prolonged mechanical ventilation, most
prominent in the first three days. A logarithmic relationship
between length ofventilation and diaphragmatic strength was
already demonstrated by Hermans et al. [27] using twitch trans-
diaphragmatic diaphragmatic pressure generation recordings.
Jaber et al. [4] performed a similar investigation and demonstrated
a mean decrease of 32% in diaphragm force in long-term ventilated
patients and correlated significantly with decreased DT all over the
period of MV. Our findings were also in accordance with the data
described in a very recent manuscript by Schepens et al. [26] and
co-workers Tobin et al. [17] who found that; diaphragm thickness
and contractile activity (quantified by the inspiratory thickening
fraction) in their group of ventilated patients decreased by 10%
or more in 44% of all cases, remained unchanged in 44%, and evend as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
Table 12
Correlation between baseline demographic data (patient characteristics) and










Age 64.6 ± 23.6 60.61 ± 25.9 0.635
Gender
Male 45/60 (75%) 19/45 26/45 0.542
Female 15/60 (25%) 8/15 7/15
SAPS 46 (33–48) 43 (30–49) 0.215
ABGs
pH 7.23 ± 13.54 7.20 ± 11.43 0.278
PaCO2 (mmHg) 62.1 ± 23.7 71.6 ± 13.8 0.001
PO2 (mmHg) 65.3 ± 28.11 79.9 ± 32.17 0.001
HCO3 (mEq/l) 25.6 ± 11.13 30.9 ± 19.9 0.001
SaO2 (%) 83. 1 ± 43.17 91.9 ± 40.27 0.001
Comorbidities (N (%))
Hypertension 15/60 (25%) 8/15 (53.3%) 7/15 (46.7%) 0.512
Diabetes 8/60 (13.3%) 4/8 (50%) 4/8 (50%) 0.243
Ischemic heart disease 5/60 (8.3%) 3/5 (60%) 2/5 (40%) 0.223
Cancer 3/60 (5%) 2/3 (66.7%) 1/3 (33.3%) 0.278
Laboratory investigations
Hb (g/dl) 12.7 ± 11.45 13.1 ± 17.34 0.452
WBCs 13.2 ± 14.16 11.9 ± 11.23 0.165
Platelets 259.7 ± 34.47 265.3 ± 39.33 0.786
Creatinine 1.8 ± 11.45 1.5 ± 17.76 0.245
Urea 43.43 ± 24.5 49.1 ± 22.34 0.576
Na (mEq/L) 139.7 ± 12.17 133.7 ± 18.21 0.243
K (mEq/L) 4.3 ± 23.18 3.9 ± 18.34 0.443
SGOT 52.4 ± 11.34 48.8 ± 18.45 0.213







Pneumonia 15/60 (25%) 9/15 (60%) 6/15 (40%) 0.001
Post cardiac arrest 10/60 (16.7%) 5/10 (50%) 5/10 (50%) 0.342
Post traumatic 9 /60 (15%) 4/9 (44,5%) 5/9 (55.5%) 0.576
Post operative 8/60 (13.3%) 2/8 (25%) 6/8 (75%) <0.001
Severe sepsis/septic shock 6/60
(10%)
4/6 (66.7%) 2/6 (33.3%) 0.001
Hemorrhagic shock 4 /60 (6.7%) 2/4 (50%) 2/4 (50%) 0.512
Acute respiratory distress
syndrome 4/60 (6.7%)
1/2 (50%) 1/2 (50%) 0.512
Toxic-metabolic coma 2 /60 (3.3%) 1/2 (50%) 1/2 (50%) 0.421
Others (stroke, organ failure) 2 /60
(3.3%)
1/2 (50%) 1/2 (50%) 0.421
SD; standard deviation, N; number, SAPS; Simplified Acute Physiology Score, ABGs;
Arterial Blood Gases, SaO2; arterial oxygen saturation, PaCO2; partial pressure of
carbon dioxide, pH: bicarbonate levels, PaO2, partial pressure of oxygen, HCO3;
bicarbonate, Na; sodium, K; potassium, mEq/l; milli-equivalent per liter, Hb;
hemoglobin, mmHg: millimeter mercury, g/dl; gram per deciliter.
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group, diaphragm thickness decreased more than it did in Tobin
et al. [17]. As regards weaning outcome among patients with and
without DD in the present study, statistically significant better out-
come was found among non-DD group than DD group, when suc-
cessful weaning was found in 26/33 (78.8%) versus only 2/27 (7.4%)
respectively, while primary and secondary weaning failure were
found in only 3/33 (9%) and 2/33 (6.1%) versus 15/27 (55.5%) and
6/27 (22.2%) among non-DD and DD groups respectively. DD group
showed significantly more prolonged weaning and total ventila-
tion time times than those without DD (4/27 (14.8%) and 623
(342–895) versus 123 (80–325) and 347 (217–587)) respectively.
Death was non-significantly more frequent in patients with DD
(4/27 (14.8%)) than those without DD (2/33 (6.1%)). Jubran [28]
agreed with the present study results and concluded that; the
decrease in diaphragmatic contractility observed during controlled
mechanical ventilation contributes to failure to wean from the
ventilator, so they found that; only 3 patients (12.0%) of thosePlease cite this article in press as: E.R. Ali, A.M. Mohamad, Diaphragm ultrasoun
discontinuation frommechanical ventilation in critically ill patients and evaluat
(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006who developed diaphragmatic atrophy were successfully weaned
in comparison to 22 patients (88.0%) suffered from primary and
secondary weaning failure. While 30 patients (81.1%) of those
who did not develop diaphragmatic atrophy were successfully
weaned, in comparison to only 4 patients (10.8%) suffered from
primary and secondary weaning failure which represents a signif-
icant difference between the two groups. Kim et al. [29] studied
prevalence of ultrasonographically diagnosed diaphragmatic dys-
function in patients who required mechanical ventilation over
48 h and found that; patients with ventilator induced diaphrag-
matic dysfunction had longer weaning time and higher rates of pri-
mary and secondary weaning failure (primary (83% versus 59%
respectively) and secondary (50% versus 22% respectively) weaning
failure) which is consistent with the present findings. Also going
with similar results obtained by study of Ferrari et al. [16] who
evaluated the DTF as a predictive index of weaning after a sponta-
neous breathing trial by using B-mode ultrasonography to patients
on tracheostomy tube after failing one or more attempts of wean-
ing. They concluded that DTF may perform similarly to other wean-
ing indices. Petrof et al. [30] also concluded in their study that
diaphragmatic dysfunction is common in mechanically ventilated
patients and is a likely cause of weaning failure. Concordant to
the present finding were Dinino et al. [31] who recently investi-
gated diaphragmatic thickness measurement by ultrasound rather
than diaphragm motion to predict extubation outcome in any
patient ventilated due to respiratory failure regardless the etiology.
They concluded that this method may be especially helpful in
reducing the number of failed extubation. As regards the total
mechanical ventilation duration; Kim et al. [29] agreed with the
present study where it was found to be 8.45 (4.54–17) in the
non-diaphragmatic atrophy group versus 24 (15.58–35.4) in the
diaphragmatic atrophy group which was also found to be of statis-
tical significance. Hermans et al. [27] showed that patients with
diaphragmatic weakness had a markedly worse prognosis when
diaphragmatic force measured by transdiaphragmatic pressure
measurements during bilateral magnetic stimulation of the phre-
nic nerves. In the present study; successful weaning was found
among 28/60 of the included mechanically ventilated patients (2
with DD and 26 without DD), the total number of patients with
weaning failure (primary and secondary) with and without DD
were 26/60 (21 with DD and 5 without DD). Death was found in
6 patients (4 of them had DD and the remaining 2 had no DD) as
shown in Table 8. There was statistical significant decrease in the
MDT (mean diaphragmatic thickness) among patients with failed
weaning (1.4 (ranging from 1.1 to 1.7)) than those with successful
weaning (2.4 (2–2.7)) (P value 0.01). Highly significant statistical
decrease was also found in patients with failed weaning than suc-
cessfully weaned group as regards both DTF (diaphragmatic thick-
ness fraction) and DE (Mean diaphragmatic excursion) [26% (22–
33%) versus 56% (35–63%) and 1.2 (0.9–1.4) versus 2.3 (1.9–2.8)
respectively with p value < 0.0001 for each. Although lesser
diaphragmatic parameters were found in dead patients than in
patients with failed weaning, but it was non significant. Giovanni
et al. [32] agreed with the present study results and showed that;
a DTF >36% is associated with a successful weaning and suggested
that; DTF has a potential in predicting those patients who may fail
a weaning attempt, similarly to other already established weaning
parameters and tests. Lerolle and co-workers [33] assessed the
ultrasound criteria to determine effect of diaphragmatic dysfunc-
tion on weaning outcome and found that ultrasound determination
of diaphragm excursion, expressed as the greater excursion of the
muscle on a maximal inspiratory effort in patients requiring pro-
longed mechanical ventilation, may help identify those patients
with severe diaphragmatic dysfunction and correlated significantly
with difficult and failed weaning. They also showed that their
ultrasound measurement correlated well with trans-d as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
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diaphragm movements. A diaphragm dysfunction was diagnosed
by ultrasound if an excursion <10 mm or a paradoxical movement
was observed and determined that a DD less than 1 cm at tidal
breathing is indicative of diaphragmatic dysfunction and predic-
tive of weaning failure.DTF was 39% ± 0.06 among successfully
weaned patients versus 26% ± 0.08 in those with weaning failure
and concluded that; diaphragmatic dysfunction was associated
with weaning failure, and the authors conclude that ultrasound
may identify patients at risk of difficult weaning. Dinino et al.
[31] confirmed the present findings and concluded that this
method may be especially helpful in reducing the number of failed
extubation and so did Ferrari et al. [16]evaluated the DTF as a pre-
dictive index of weaning after a spontaneous breathing trial con-
cluded that DTF may perform similarly to other weaning indices.
They found that a cut off value of DTF >36% was associated with
a successful spontaneous breathing. Jiang et al. [34] studied 55
intubated patients and suggested 1.1 cm or more at quiet breath-
ing as a cutoff value for successful weaning. The present study
results were not in agreement with Ucar et al. [35] evaluated
DTF as a new predictive index of weaning in COPD. The cut off
value of DTF >20% at the right side was associated with successful
weaning; which was less than the recorded results in the present
study, which may be explained by the difference in the selected
group of patients as they studied COPD patients only. In the pre-
sent study; cutoff value for MDT (mean diaphragmatic thickness)
was >2 mm in predicting successful weaning with a sensitivity
(79.3%), specificity (77.7%), PPV (89%), NPV (69.9%) and accuracy
(85%) among mechanically ventilated patients. Cutoff value for
DTF (diaphragmatic thickness fraction) was >30% with more sensi-
tivity (97.3%), specificity (85.2%), PPV (94.4%), NPV (90.6%) and
accuracy (91.9%) than recorded by DT. DE (Mean diaphragmatic
excursion) had a cutoff value of >1.5 cm that showed a sensitivity
(88.7%), specificity (84.3%), PPV (92.6%), NPV (81.3%) and accuracy
(87.9%), which were less than DTF but still higher than DT values.
These results were in agreement with Giovanni et al. [32] who
evaluated DTF rather than diaphragmmotion to predict extubation
outcome in any patient ventilated dueto respiratory failure regard-
less the etiology as a new predictive index of weaning in COPD by
The cut off value of DTF >29% at the right side was associated with
successful weaning with 97% sensitivity, 73% specificity, 0.90 pos-
itive predictive value (PPV), 0.91 negative predictive value (NPV)
and 91% accuracy and they concluded that this method may be
especially helpful in reducing the number of failed extubation.
The resulting sensitivity and specificity was 88% and 71%, respec-
tively. The PPV of a DTF% P30% for extubation success was 91%
and the NPV of a DTF <30% for extubation failure was 63%. Ferrari
et al. [16] evaluates the DTF as a predictive index of weaning after a
spontaneous breathing trial by using B-mode ultrasonography to
patients on tracheostomy tube after failing one or more attempts
of weaning. They concluded that DTF may perform similarly to
other weaning indices. They found that a cut off value of DTF
>36% was associated with a successful SBT with 82% sensitivity,
88% specificity, PPV 92% and NPV 75%. Matamis et al. [36] dis-
agreed with the present study results; They did not find DE a useful
parameter in predicting weaning outcome when compared with
the RSBI; may be explained by the fact that; the studied patients
suffered from a thoracic problem (imposing large ventilatory load),
which might be why the RSBI performed better than DE. Moreover
the small size of the studied group (only 7) may have obscured the
relation between DE and weaning outcome. Against their study
finding, was the study performed by Ferrari et al. [16] who con-
cluded that; the RSBI is a product of the work of diaphragm and
accessory muscles (which are fatigable), whereas DT expresses
the degree of the more sustainable power, thus confirming the pre-
sent study results as well. The present study results were in accor-Please cite this article in press as: E.R. Ali, A.M. Mohamad, Diaphragm ultrasoun
discontinuation frommechanical ventilation in critically ill patients and evaluat
(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006dance with Jiang et al. [37] study found the mean value of
diaphragmatic displacement in the group with successful weaning
1.4 cm, which was higher than the mean value in the group with
failed weaning, which was 1.05 cm, with sensitivity 86.8%, speci-
ficity 87.5%, and accuracy of 89% using cutoff value 1.1 cm and con-
cluded that; diaphragmatic movement was a more sensitive and
specific parameter than volume-associated and traditional wean-
ing parameters used in the trial, such as rapid shallow breathing
index and Pi max in predicting extubation outcome. They
explained their results by the fact that; patients with adequate
spontaneous tidal volume but poor diaphragmatic excursion were
more likely to fail a breathing trial compared to patients with ade-
quate spontaneous tidal volume and good diaphragmatic move-
ment; this can be explained by the fact that spontaneous tidal
volume represents the result of the combined activation of all res-
piratory muscles used without specifically measuring the contribu-
tion of the diaphragm, whereas diaphragmatic excursion
represents the final result of combined diaphragmatic strength,
intrathoracic and intraabdominal pressures. In the present study;
Early or rapid switch from controlled MV to assist ventilation
(addition of PS) provided a highly significant statistical increase
and recovery regarding the MDT and DTF and only significant
increase and improvement in the mean DE. Addition of low PS
between 5 and 12 cmH2O (<12 cmH2) was associated with highly
significant recovery of MDT and DTF and significant improvement
in DE, but high PS (>12 cmH2O) significantly decreased all morpho-
logical and functional diaphragmatic parameters (DT, DTF and DE).
This may be explained by the fact that; PS or assist ventilations
make the respiratory muscles and diaphragm more active, thus
preserving spontaneous contraction and avoiding subsequent atro-
phy. On the other hand; with over-assistance and increased (high
PS); the only role of the diaphragm will be just triggering the ven-
tilator then relaxed and became inactive again resulting in patient-
ventilator asynchrony leading to mechanical ventilator induced
diaphragmatic dysfunction [38]. Ramirez et al. [39] confirmed
the present study as they found that; diaphragm pacing and early
activity were successfully tested as a preventive strategy, and
intermittent spontaneous breathing has been reported as a protec-
tive strategy in mechanically ventilated patients. The present study
results were in agreement with the recent data in Goligher’s study
[38] showed that contractile activity of the diaphragm decreased
with increasing ventilator driving pressure (P = 0.01) and con-
trolled ventilator modes (P = 0.02), one might assume that titrating
low ventilator pressure support to maintain normal levels of inspi-
ratory effort may prevent changes in diaphragm configuration
associated with mechanical ventilation. Futier et al. [40] also
agreed with the present study results and concluded that; when
choosing ventilatory modes, spontaneous breathing efforts during
mechanical ventilation seem protective for VIDD, Martin et al.
[41] also concluded that; while short periods of intermittent spon-
taneous breathing had little effect; adding a resistive inspiratory
load or brief periods of electrical stimulation (30 min/day) in order
to train the inspiratory muscles has shown promising results for
patients in small series and improved weaning outcome in a ran-
domized trial. Like the present study, Massimo et al. [42] found
similar atrophy rate when assisted mechanical ventilation with
high pressure support (>12 cmH2O) was applied and suggested
that ventilation with high pressure support may be similar to
CMV in terms of diaphragmatic atrophy. This may be partly due
to minimal effect on a significantly reduced diaphragmatic activity
as well as to muscle fatigue in patients who need strong ventilator
support because of critical conditions. Also they found similar find-
ings like the present results regarding DEF which was 23 (17–29)
when PS was between 5 and 12 and 15 (9–20) when PS > 12. In
the present study; addition of PEEP was significantly associated
with a more diaphragmatic functional and morphological protec-d as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
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PEEP (which was highly significant as regards DT and DTF with p
value <0.001 for each and only significant regarding DE with p
value 0.01). Umbrello et al. [43] disagree with the present study
results as they found diaphragmatic dysfunction was found even
at lower levels of PS and were unable to find any difference
between thickness or diaphragm thickening and the level of PEEP;
this may be explained by a small number of the studied patients
included in their study, they included post-operative surgical
patients only, they excluded COPD patients with intrinsic PEEP that
may play more or less protective mechanism for the diaphragm
and could reverse the possible DD resulting from MV. Goligher’s
study [38] and Martin et al. [41] confirmed the present study
results as they found that PEEP had a protective role and reveres
the possible VIDD. The present study results were in accordance
with Horiana et al. [24] who observed a trend toward a protective
effect of high PEEP on diaphragmatic thickness over time. In the
present study; there was highly significant statistical increase in
the MDT and DTF and only significant increase in the mean DE with
decreased adjusted TV by mechanical ventilator among the studied
patients (p value < 0.001 for each DT and DTF and 0.01 for DE) (i.e.
inverse relation between TV and MDT, DTF and DE). Adjusted
higher RR was significantly associated with a more diaphragmatic
functional and morphological protection regarding increased DT,
DTF and DE than patients with lower RR (which was highly signif-
icant as regards DT and DTF with p value < 0.001 for each and sig-
nificant regarding DE with p value 0.01). Nemer et al. [44] and
Alvisi et al. [45] studies supported the present study results as they
found that; patients with successful weaning had rapid respiratory
rate and low VT than in patients with failed weaning, providing a
more protective mechanism against DD. Horiana et al. [24] con-
firmed the present study results as they observed linear-mixed
model variance analysis revealed a significant interaction between
(high) Vt and progressive decrease in diaphragmatic thickness over
time and in contrast, they found a trend toward a protective effect
of high respiratory rate on diaphragmatic thickness over time. In
the present study; there was no statistically significant differences
among DD and non-DD groups as regards age, gender, SAPS,
comorbidities (hypertension, diabetes, ischemic heart disease or
cancer) or laboratory investigations. As regards ABG parameters;
non- DD grouphad significantly higher PaCO2, PO2, HCO3 and
SaO2 but non significantly lower PH than patients with diagnosed
DD (p value was 0.001 for each and 0.278 for PH).Powers et al.
[46] confirmed the present study results except for PaCO2 which
was significantly higher among patient with DD, thus having an
adverse effect rather than protective for the diaphragm. This may
be explained by a higher level among their patients than those
selected in the present study (PaCO2 was 89.8 in DD versus 79.7
in non-DD in their study compared to 62.1 ± 23.7 in DD versus
71.6 ± 13.8 in non DD groups in the present study. The present
study results were in agreement with Davis et al. [47] and Zhu
et al. [48] studies who found that more hypoxia and decreased
PaO2 were associated with more DD and this was confirmed and
indicated by profound reduction in diaphragmatic blood flow in
VIDD. It is therefore speculated that reduced oxygen delivery
may lead to formation of reactive oxygen species with consecutive
triggering of proteolytic cascades and enhanced oxidative stress.
Jung and colleagues [49] concluded that; diaphragmatic muscle
weakening is partially explained by proteolysis, apoptosis and
oxidative stress. Jung and colleagues [49] confirmed the present
study results and found that; hypercapnia and hypercapnic acido-
sis at mild to moderate levels have protective effects. Hypercapnia
increases cardiac output, and this effect appears to be due to ino-
tropy rather than chronotropy, when tested using an arterial car-
bon dioxide pressure (PaCO2) of up to 60 mmHg. They also
reported that; after 72 h of controlled mechanical ventilation, dia-Please cite this article in press as: E.R. Ali, A.M. Mohamad, Diaphragm ultrasoun
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(2016), http://dx.doi.org/10.1016/j.ejcdt.2016.10.006phragm contractions to maximal stimulus were preserved in
hypercapnic compared to a 25% decrease in the normocapnics.
These important findings strengthen the potential role of hyper-
capnia in injury prevention. Although the authors did not design
the study to assess potential mechanistic explanations for their
promising results, diaphragmatic function was likely preserved
due to improved tissue perfusion and decreased pro-
inflammatory responses. Controlling lung injury, preventing
diaphragmatic dysfunction, and altering exaggerated pro-
inflammatory responses may suggest an important potential role
for mild to moderate hypercapnia and hypercapnic acidosis in
acutely developing systemic inflammatory processes. Laff et al.
[50]also found that; hypercapnia has important effects on inflam-
matory responses and its effects on altering the pro-
inflammatory response, preserving organ function during mechan-
ical, mechano-chemical, and ischemia-reperfusion injury are a few
examples of its potential benefits in the prevention of organ failure.
Alexander et al. [51] also confirmed the present study and con-
cluded that; moderate hypercapnia may play a protective role
and may be an integral part of ventilatory management of critically
ill patients with VIDD. As regards the possible role of the different
causes that necessitate MV among the studied 60 patients on the
development of DD, it was found that; post cardiac arrest, post
traumatic, hemorrhagic shock, acute respiratory distress syn-
drome, toxic-metabolic coma and others (stroke, organ failure)
had no significant statistical difference or effect on diaphragmatic
function parameters. On the other hand; pneumonia and severe
sepsis/septic shock were found to have a statistically significant
worse adverse effect on diaphragmatic function (they were found
more frequently among DD group of patients with a percentage
of 60% and 66.7% respectively, with p value 0.001 for each). Chronic
obstructive pulmonary disease and post operative MV were found
to be protective for the diaphragm because DD was found only
among 33.3% COPD and 25% post-operative mechanically venti-
lated patients (with p values 0.001 and <0.001 respectively). This
was not in agreement with Schepens et al. [26] and Horiana et al.
[24] who did not associate diaphragm atrophy with sepsis but do
not exclude that inflammation may have had effects on contractile
dysfunction without associated additional atrophy, which we did
not measure in the present study. Horiana et al. [24] confirmed
the present study results as they included during the variable
selection phase a number of variables potentially influencing
diaphragmatic thinning, such as the severity scores (Acute Physiol-
ogy and Chronic Health Evaluation II), the use of vasopressors and
inotropes. None of these variables was either significantly associ-
ated to atrophy rate or had an interaction effect with ventilation
support. Demoule et al. [7] agreed with the present study and
found the ultrastructural injury may be more pronounced in the
sepsis subgroup, and thereby resulting in potentially more pro-
nounced degrees of VIDD. On the other hand; Wang et al. [52]
found that; hypercapnic acidosis has shown to depress immune
function through various mechanisms via macrophage suppres-
sion, inhibition of phagocytic function of neutrophils and cytokine
signaling, so hypercapnic acidosis has been shown to improve
physiologic indices of injury in the setting of acute bacterial pneu-
monia and sepsis and this explained those patients who had no DD
despite having pneumonia and or sepsis in the present study.
Lanone et al. [53] confirmed an experimental proof of diaphrag-
matic dysfunction directly induced by sepsis. This includes free
radicals, mitochondrial dysfunction, calpain and caspase activa-
tion. In addition, clinical evidence points to severe sepsis/septic
shock as an important risk factor for diaphragmatic dysfunction.
As regards better diaphragmatic function in the present study, Fer-
rari et al. [16] agreed with the present results and found COPD
patients with severe air trapping had an increased thickening ratio
on the, implying an increased ability of the diaphragm to contractd as a new functional and morphological index of outcome, prognosis and
ing the possible protective indices against VIDD, Egypt. J. Chest Dis. Tuberc.
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PEEP that making the diaphragm more active preventing disuse
atrophy. Powers et al. [19] disagreed with the present study and
found COPD were more liable to DD than non COPD group; this
may be explained by more different variables among different
studies like; severity and stage of the disease with the resultant
differences in ABGs parameters, laboratory parameters, different
modes of MV and technical differences using US. Matamis et al.
[36] confirmed the present study results regarding post-operative
mechanically ventilated patients; that may be explained by early
recovery of the patients with rapid switch modes of MV to the
assist weaning modes whether spontaneous breathing or PS modes
that put the diaphragm in a more or less active mode preventing
disuse atrophy and DD.
Conclusion
The present results have relevance to patients undergoing MV
in whom it has been postulated that unloading of the respiratory
muscles and reduction in diaphragm activity may lead to atrophy,
diminished force generating capacity and consequently difficulties
in weaning.
On the basis of these findings, it was concluded that; ultra-
sonography is a reliable non invasive, devoid of radiation hazards,
bedside method for tracking changes in diaphragm (giving func-
tional information about the muscle itself) in critically ill mechan-
ically ventilated patients, thus tracking progressive diaphragm
atrophy as it can be repeated if follow-up is required.Recommendations
Given the quick onset of VIDD in ventilated patients, it seems
prudent to assume that muscle protection may be needed as early
as possible. Prolonged periods of complete diaphragmatic rest
should be avoided and diaphragmatic contraction preserved when-
ever possible. Respiratory muscle training may lead to improved
weaning success. Due to the apparent attenuation of the decline
in diaphragm thickness seen in patients switched from AC to PS
ventilation and increase in diaphragm thickness seen in all other
patients following the institution of PS ventilation, it may be rea-
sonable to assume early switch from AC to PS ventilation or even
allowing for short controlled periods of spontaneous breathing
and addition of PEEP may make the work performed by the dia-
phragm sufficient to attenuate, reverse or minimize disuse atrophy
and thus avoiding difficult, prolonged or failed weaning. Up to
now, we do not have a clear treatment plan for patients with VIDD
available. Further trials are necessary to determine whether MV
can evolve from lung protective towards a muscle protective MV.
Early rapid correction of hypoxia and sepsis with maintaining con-
trolled mild to moderate hypercapnia are important protecting
mechanisms against DD. Role of steroid and acetyl cysteine may
also play a protective role for diaphragm and must be studied in
further studies.
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